In patients with Fallot's tetralogy and variants, right ventricular angiocardiography is routinely used to demonstrate the basic anatomy. This investigation may fail to demonstrate clearly the aortic branches and the anatomy of the systemic arteries supplying the lungs. The contribution of aortography in the pre-operative investigation of these patients has been examined in detail.
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SUBJECTS AND METHODS Forty-one aortograms obtained in 40 patients were available for study. One patient had an aortogram before and after a shunt operation. The diagnosis was Fallot's tetralogy in 28, pulmonary atresia in 10, corrected transposition with pulmonary stenosis and ventricular septal defect in 1, and transposition with pulmonary atresia in 1. In 36 investigations the catheter was passed from the saphenous vein through the right ventricle into the aorta, and in 5 retrograde arterial catheterization was used. 0 75 to 1-5 ml./kg. body weight of Conray 420 was injected under pressure into the ascending aorta at a rate of approximately 33 ml. per second. The dose of contrast medium was higher in patients with pulmonary atresia and in those who were thought to have a large aortopulmonary communication. Full-size films were exposed in antero-posterior and lateral projections at 6 or 12 frames per second. After the aortogram, the catheter tip was withdrawn to the right ventricle and a right ventricular angiocardiogram obtained in the usual way. The following structures were studied on the aortogram: surgical anastomoses, systemic to pulmonary collateral arteries, persistent ductus, the anatomy of the aortic root, the aortic branches including the coronary arteries, and the pulmonary arteries in pulmonary atresia. In addition, the presence or absence of an audible continuous murmur was correlated with the findings on aortography in an attempt to determine the clinical indications for this investigation.
RESULTS
Aortography added no morbidity to the investigation. One patient who developed a hemiplegia Received September 3, 1968. three days after the procedure was found to have bacterial endocarditis which probably was present at the time of cardiac catheterization. In all patients the anatomical details of the aorta and its branches were clearer on the aortogram than when the contrast medium was injected into the right ventricle ( Fig. 1, 2 , and 3).
Surgical Anastomoses. Surgical anastomoses had been performed in 15 patients (left Blalock 5, right Blalock 2, bilateral Blalock 2, Waterston 3, Potts 3). Two patients had had two operations, making a total of 17 anastomoses, and of these 14 were shown on aortography to be patent and 3 were blocked (Fig.  4) . It was difficult to be certain of patency from the right ventricular angiocardiogram alone in 7 patients. In the majority with a single patent anastomosis of any type, there was selective perfusion of the ipsilateral lung (Fig. 5 ). Only 3 patients had bilateral equal perfusion from one anastomosis (Fig. 6 ).
Apart from giving information about the functional state of a shunt, the aortogram was occasionally found to reveal unexpected anatomical findings. One such patient with a right aortic arch was said to have had a left subclavian-pulmonary anastomosis, but the aortogram showed that the innominate and not the subclavian artery had been anastomosed to the left pulmonary artery. Aortic filling on the right ventricular angiocardiogram was insufficient to show this (Fig. 3) They were small but more numerous, more tortuous, and arose from a wide area, particularly from the aortic arch, and from branches of the subclavian arteries. Larger collateral arteries were seen in pulmonary atresia ( Fig. 7) , but though the site of origin was widespread, the majority arose from the mid-thoracic part of the descending aorta in the position of the bronchial arteries. In 3 patients with pulmonary atresia two or three large vessels anatomically resembling pulmonary arteries arose directly from the descending aorta ( Fig. 8 and 9 ).
Persistent Ductus. A large persistent ductus was the sole source of pulmonary blood flow in one patient aged 6 months with pulmonary atresia.
Another, aged 9 months with Fallot's tetralogy, had a small ductus, which was not apparent on the nrght ventricular angiocardiogram, but was demonstrated on aortography (Fig. 2) Fig. 1 and 3 ).
Pulmonary Arteries in Pulmonary Atresia. In the 11 patients with pulmonary atresia, contrast medium entered the lungs from the aorta through bronchial and other collateral arteries in 7, a persistent ductus in 1, and a surgical anastomosis in 3, one of whom had extensive collaterals on the opposite side. The level at which collateral arteries joined with pulmonary arteries was variable, but one or both main pulmonary arteries were filled in 7 patients (Fig. 6 and 7) . Retrograde flow into the pulmonary trunk down to the atresia was seen in three patients and in these it was possible to estimate the length-of the atretic segment by superimposing the right ventricular angiocardiogram (Fig. 11) . It was also noted that the pulmonary arteries were slow to opacify after the contrast injection when filling via collaterals (Somerville, 1968 (Fig. 12) , and one had a small persistent duct
Now that total correction of Fallot's tetralogy is a routine procedure (Kirklin et al., 1959 (Kirklin et al., , 1965 and pulmonary atresia with favourable anatomical features is also correctable (Ross and Somerville, 1966) , pre-operative demonstration of the aortic branches, especially those supplying the lung, is assuming greater uiportance. In these patients right ventricular angiocardiogrpyis, of course, vita to (a, demonstrate the anatomy of the right ventricular outflow and the ventricular septal defect, but seldom shows the aorta and its branches satisfactorily. The aorta is large, filling is variable, contrast is diluted, the ventricles obscure part of the lungs, and, in the absence of pulmonary atresia, any systemic arteries entering the lungs are hidden by the opacfied pulmonary arteries. Indeed, gross anomalies of the aortic branches or a persistent ductus may be missed, aortic anatomy may not be clear, and the coronary arteries may not be visible.
Aortography is a simple additional procedure in the investigation of these patients, since the catheter usually enters the aorta easily from the right ventricle. If pulmonary atresia or a large aorto-pulmonary shunt is suspected, it is important to inject enough contrast medium, and we usually use at least (Ongley et al, 1966 The aortogram provides information which may be vital to the surgeon but Which is often unobtainable from right ventricular angiocardiography. Such information includes: (1) size, patency, and anatomy of surgical shunts; (2) site of origin, size, and number of systemic-pulmonary collaterals; (3) anatomy of aortic root in suspected double-outflow right ventricle; (4) anomalies of coronary arteries; (5) anomalies of aortic arch branches; (6) unexpected persistent ductus; and (7) anatomy of atretic segment and pulmonary arteries in pulmonary atresia.
It is suggested that aortography should be performed routinely in patients with Fallot's tetralogy and variants, who are being considered for radical corrective surgery.
